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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS
RESEARCH MEMORANDUM

LOW-SPEED CHARACTERISTICS OF A 45° SWEPTBACK WING OF
ASPECT RATIO 8 FROM PRESSURE DISTRIBUTIONS AND
FORCE TESTS AT REYNOLDS NUMBERS
FROM 1,500,000 TO 4,800,000

By Robert R. Graham
SUMMARY

Results are presented of an investigation in the Langley 19-foot
pressure tunnel of the longitudinal characteristics of e wing having
450 sweepback of the quarter-chord line, an aspect ratio of 8, &8 taper
ratio of O.l|-5, and NACA 631A012 airfoll sections parallel to the plane
of symmetry. The results were obtalned from force measurekents through
& Reynolds number range from 1,500,000 to 4,800,000 and pressure-
distribution measurements at Reynolds numbers of 1,500,000 and %,000,000.
The effects of fences and leading-edge roughness on the characterlstics
of the wing were investigated by means of force and pressure-distribution
measurements at a Reynolds number of 4,000,000.

The results of the investigation indicated that the wing pitching-
moment varilatlons were caused by section-1lift variations on the outboard
portions of the wing and not by sectlon pitching-moment verigtions. The
wing pitching-moment curve changed from a stegble slope at zero 11ft to
an unsteble glope at fairly low 1lift coefficlents and became progres-
sively more umnsteble as maximum 11#t was approasched. The changes in
plitching-moment-curve slope were due to separation on the outboard
section which first caused a reduction in section-lift-curve slope and
finglly caused a loss in sectlion 1ift. The sectlon pitching-moment
variations became more stable as the wing meximum 1ift was approached.

[ ]

Varying the Reynolds number from 1,500,000 to 4,000,000 caused the
outboard separatlon and hence the wing pitching-moment insteblility to
be delayed to slightly higher 1ift coefficients. At Reynolds nunmber
of 4,000,000, fences delayed the outboard separation to much higher
angles of attack, with the result thst the wilng pltching-moment curve
wasg linear almost to maximmm 1ift. The pitching-moment verilation was
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still unsteble at the stall, however. Adding leading-edge roughness to
the wing at a Reynolds number of 4,000,000 caused the section 1lift and

wing pitching-moment varlations to be somewhat similsr to those at the
low Reynolds number.

The maximum 1ift-coefficlent of the wing wes sbout 1.0l and was
not affected by changes in Reynolds number or by leading-edge roughness.
Reducing the Reynolds mumber or adding leading-edge roughness, however,
increased the angle of attack at which maximum 1ift was attained. The
fences Increased maximum 1ift coefficlent to 1.07.

Varylng the Reynolds number, adding leading-edge roughness, or
installing fences on the wing had practically no effect on the root
gection-1ift curves which were almost linear to the highest angle of
attack of the tests (31°).

INTRODUCTION

Sweptback wings have been the subject of much experimental and
theoretical research in the pesst few years since their advantages for
high-speed flight became apparent. Most of the research, however, has
been limited to the low-aspect-ratio range. Increasing interest in
long-range, high-speed alrplanes has created a demand for information
on swept wingse in the higher aspect~ratio range.

Accordingly, the low-speed characterlstics of a wing of aspect
ratio 8 with the quarter-chord line swept back 45° were investigated
in the Langley 19-foot pressure tunnel. The wing was untwisted and
had a taper ratio of 0.45 end NACA 63;A012 airfoil sections parallel
to the plane of symmetry. The Investlgetion included the determination
of the characteristics of the wing by force and pressure-distribution
measurements.

The tests were made at & Reynolds number of 4,000,000 and a Mach
number of 0.19. The effects of varying the Reynoclds number from
1,500,000 to 4,800,000 and of leading-edge roughness were investigated.
The effects of one configurstion of chordwise fences were also
investigated.

SYMBOLS

The data are referred to the wind axes wilth the origin at projection
on the plane of symmetry of the qusrter chord of the mean aserodynamic
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chord. The data have been reduced to nondimensional coefficients which
are deflined as follows:

L < S
CL 1ift coefficlent e or f c = d(m)
cy section 1if't coefficient
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bending-moment coefficlent about root chord line
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twilsting-moment coefficlent about swept quarter-chord line
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Cp root chord

b wing span

q dynamlic pressure (%ﬁﬁ%
v free-stream velocity

s coefficient of viscoslity

I

o density of air 4 P’E_’;‘:&

where  Po = Treestream skatre ,

S pressure coefficient (—'E)
q P= /-5
H free-stream total pressure
jo! local statlc pressure
x longitudingl distance from local leading edge measured parallel

to chord plane and plene of symmetry (reaxward positive)

xt/h- longitudinael distance from gquarter chord of ¢! +to local
quarter chord {rearward positive)

Xe /4 longitudinal distance from gquarter chord of c' +to quarter
E chord of root

x! longitudinal distance from local quarter chord to local center
of pressure

x longitudinsel distance from quarter chord of <¢' +to centroid
of normal force (chordwise center of pressure)

¥y lateral distaence from plane of symmetry messured perpendicular
to plane of symmetry

¥ lateral distance from plane of symmetry to centroid of normsl
force (spanwise center of pressure)

Z vertical distance from chord plane measured perpendlicular to

chord plaene (up, positive)

N|

vertical distance from chord plane to centroid of chordwise
force (vertical cemter of pressure)
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Subscripts:

u upper surface -

1 lower surface

g forward of meximum thickness
r rearvard of maximum thickness

MOLEL AND APPARATUS

The general dimensions of the model used in the investigation are
shown in figure 1. The model was made of steel covered with a thin
layer of an alloy of bismuth and tin. It had an aspect ratio of 8.02,

a taper ratio of 0.45, and 45° sweepback of the guarter-chord line. The
airfoll section parallel to the plane of symmetry was the NACA 631A012,
and its ordinates are given in reference 1. The wing was untwisted.

The model was equipped with surface orifices for measuring the
pressure distribution on the left-hand panel over the full chord at seven
spanwise stations and around the leading edge at a station at 0.03b/2
ag shown in figure 1. Pressures over the rearward portion of the air-
foll at the 0.03b/2 station were read by means of a static pressure
tube locsted about 0.0035¢ from the wing surface. The tubes connected
to the orifices were brought out of the model from the lower surface
of the right-hand pahel at a point about 20 percent of the semispan out
from the plane of symmetry. From that point the tubes were conducted
back through a pipe fixed to the wing and parallel to the chord plane
and then down through a fairing through the floor of the tunnel to
multitube manometers. The pressures on the manometers were simulta-~
neously recorded by meens of cameras. The tube conducting pipe was
replaced by a flush cover plate for the force tests. The model is shown
installed in the tunnel for the force tests IiIn figure 2 and for the
pressure-distribution tests iIn figure 3.

For some of the tests, fences were installed as shown in figure L.
The fences were f%--inch sheet steel fastened to the wing parallel to

the plane of symmetry wilith angle clips. For tests with roughness,
0.011-inch-diameter carborundum grains were spread over a surface
length of 8 percent of the chord back from the leading edge on the
upper and lower surfaces along the full span of the wing. The grains
were thinly spread to cover from 5 to 10 percent of that area and were
held in place by a thin coat of shellac.
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TESTS

The model was tested in the Langley 19-foot pressure tumnel with the
alr compressed to about 2% atmospheres. The Reynolds numbers and their

corresponding Mach numbers obtained in the inyeétigation are as follows:

R ,
1.5 x 108 | o.07
2.2 11
1 3.0 .1k
k.o .19
4.8 .25

Lift, drag, and pitching moment were measured at those values of
Reynolds and Mach numbers through an angle-of-attack range extending
beyond meximum 1i1ft. TIn additlon, pressure-distributlon measurements
were made &t 1,500,000 and 4,000,000.

CORRECTIONS TO DATA

The data obtalned from force tests have been corrected for the
tare and lnterference effects of the model supports. The angle of
attack and drag and pitching-moment coefficlents obtalned from force
tests and pressure-dlstribution tests have been corrected for jet-
boundary effects by adding the following increments as determined from
reference 2:

A = 0.39C,
A, = 0.0063C;2
£

Span loadings determined from pressure-distributlon measurements
indicated a basic loading at zero 11ft that tunnel surveys indicated
was due mainly to alr-stream angle variations in the reglon occupied
by the model.

0.0035CL
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The chordwlse varietion of the angle of flow was averaged at
several spanwlse locatlons by representing the wveriation as an effective -
cember line. The average angle was then determined from the angle of
attack of the zero 1lift line of the effective camber line. The zero
1ift lines were obtained by & method glven by Munk In reference 3. The
spanwise variation of &he averasged stream angles from the flow measure-
ments 1s presented in figure 5. The basic loading due to the spanwise
angle variation is presented 1n figure 5 and was obtained by multiplying
the angles by the slopes of the section-l1ift curves obtained from the
pressure measurements. The basic loading obtained from pressure measure-
ments at zero 1lift is also presented in figure 5. The small differences
between the two baslic loading curves are probasbly due to slight Inac-
curacies in the construction of the model and experimentel inaccuracies
in measuring the air-stream angles and model pressure distribution.

No satisfactory method is known for correcting the Individual
pressure coefficients (table I and fig. 6) for the basic loading, but
the force and moment coefficients integrated from the pressure-
distribution data have been corrected at all angles of attack by sub-
tracting the loading obtalned st zero 1ift. The pltching-moment coef-
ficients from the force tests have been corrected for the moment due to
the basic loading on the swept wing. The basic loading from the pressure
measurements was used for correcting the data because possible model
inaccuracles on the untwisted, uncambered wing would be corrected for
along with the angle variation.

No correction was applied to take into account the spanwlse varis-
tion of the Jet-boundary-induced angle or the model twist-due to loading.
Calculations of the spanwlse variation of the induced angles and measure-
ments of model twist angles indicated them to be small (0.2° at Cyp, = 1.0)
and of the same order of magnitude but opposite in directlom.

RESULTS AND DISCUSSION

Presentation of Data

The results of the pressure-distribution tests made on the plain
wing at a Reynolds number of 4,000,000 are presented as pressure coef-
ficients in table I.and figure 6. The section-1ift characteristics
integrated from the pressure data of teble I and figure 6 are presented
in figure 7. Also pregented in figure T are the section-1ift character-
istics integreated from pressure-distributlon data for the plain wing at
a Reynolds number of 1,500,000 and for the wing with fences and with
leading-edge roughness at a Reynolds number of 4,000,000.
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The results of force tests on the plain wing through a Reynolds
number range from 1,500,000 to 14,800,000 are presented in figure 8. The
results of spanwise integratlons of the section characterlstics are also
presented in figure 8. A few of the chordwlse pressure disgrams obtailned
on the wing at a Reynolds mumber of 1,500,000 are presented in figure 9.
The effects of fences and leading-edge roughness on the force character-
istics of the wing at a Reynolds number of 4,000,000 are presented in
figure 10. :

The pressure-distribution dsta for the plain wing at a Reynolds
number of k4,000,000 have been integrated to glve section pitching-
moment and drag coefficients (fig. 11), span-loading coefficients
(fig. 12), spanwise, chordwise, and vertical centers of pressure
(fig. 13), local chordwise centers of pressure (fig. 14), and wing
bending- and twisting-moment coefficients (fig. 15).

Lift and Pitching-Moment Characteristics

The section-1ift curves for the plain wing at a Reynolds number
of 4,000,000 (fig. 7) show that the 1lift for the root sections increases
nearly linearly with angle of attack up to the highest angle of the
tests (31°). The 1ift curves for the tip sections show a decrease in
lift-curve slope at low angles of attack {about 5° for the 0.96b/2 sta-
tion) and a levelling off at around 10° to 12°. The combination of the
linear veriation at the root and the nonlinear variastion at the tip
causes & nonlinear pitching-moment variation for the wing. (See fig. 8.)
The decreasing lift-curve slope at the tip sectlons causes a forward
movement of the aerodynamic center which begins at about 5° angle of
attack and sbout 0.3 1ift coefficlent and continues to maximumm 1ift.

The section pitching-moment characteristics (fig. 11) have a
negligible effect on the wing pltching-moment characteristics as demon-
strated by the fact that at maximum 1i#t the varlations of the section
pitching moments are steble while those of the wing pitching moments
are unstable.

The decreasing lift-curve slope over the outboard sections is also
reflected in the wing 1ift curve (fig. 8) where the slope starts
decreasing at about 5° angle of attack. At about 20°, the increasing
1ift at the root 1s Jjust offset by decreasing 1lifi over the outer por-
tions of the wing so that ebove an angle of attack of 200 the 1lift
coefficient 1s constant at about 1.01 up to the highest angle of the
tests (31°).

Effects of Reynolds number wvarlation.- The effects of a reductlon
in Reynolds number from 4,000,000 to 1,500,000 on the section 1ift
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characteristics are shown in figure 7. These effects are confined
mainly to the outer semispan of the wing. The initial loss of 1ift

is more severe at the lower Reynolds mumber. TFollowing the initial
loss of 1ift, an increase in 1ift occurs which results in higher 1ift
coefficients than were obtained at the same angles of attack at the
higher Reynolds number. As the angle of attack ils increased further,
the 1ift decreases again. Examination of the chordwise pressure
disgrems for the lower Reynolds number (fig. 9) reveals that the first
loss of 1ift (a = 12.9°) was ceused by trailing-edge sepsration. The
increase in 1ift following the initisl loss of 1ift (a = 14.9°) occurred
when separation was complete over the full chord of the 0.90b/2 and
0.96b/2 stations. At that angle of attack the loss of 1ift over the
nose of the sections was more than offset by an increase in 1ift over
the rearward portions. At the 0.75b/2 station the pressure dlagram for
a = 14.9° ghows a widening out of the low pressure ares over the for-
ward part of the section which more than offsets the loss of the peak
at the leading edge. Although this disgram 1s simllar to those cobtalned
in the vortex type of flow (see reference U4), there was no evidence of
that type of flow on this wing as shown by surveys with a single tuft
of yarn on a long probe. The O.T5b/2 station was obviously in a transi-
tlon regilon between separated and unseparsted flow where the separated-
flow reglon extended farther inboard at the leading edge than at the
trailing edge. At 15.9° angle of attack the stalled region moved
inboard sllightly so thet the low pressure region was broader and the
sectlon 1lift coefficient was still higher. These 1lift variastions over
the tip sections caused the piltchling-moment curve for the complete wing
(fig. 8) to have a decided jJog just below maximum 1lift. At a Reynolds
number of k4,000,000, these outboard 1ift phenomena were much less
noticeable so that the pltching-moment curve showed a smaller rearward
movement of the aserodynamic center at about 16° angle of attack. The
1ift characteristics of the root sectlons were unaffected by the change
in Reynolds number. The maximm 1ift of the wing was unaffected by
changes in Reynolds number in the range investigated (fig. 8), but the
angle of attack at which maximum 11ft was first attained was reduced
by increasing the Reynolds number.

Effects of fences.- The inttisl traililing~edge separstion over the
outboard sections was abttributed to a thlckened boundary layer due to
spanwise flow along the long panel of the high-aspect-ratio wing.
Blocking the spanwise flow by means of fences at the locetions shown
in figure 4 allowed the tip sections to reach considersbly higher 1ift
coefficients (fig. T) before separation occurred. The root section
1ift characteristics were unaffected by the fences.

The delay of +t1lp separatlon bhrought about by the fences increased
the meaximum 1ift coefficlent to 1.07 and allowed the wing pitching-
moment curve (fig. 10) to be almost linear to meximum 1ift. The
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pitching-moment bresk at meximm 1ift, however, was unstable because of
outboard stalling.

. Effects of leading-edge roughness.- Tests at a Reynolds number
of 4,000,000 with leading-edge roughness added to the wing showed that
roughness caused the tip sectlons to have a lower lift-curve slope
(fig. 7), ean earlier separation, and a lower maximum 1ift. The tip
sections with leading-edge roughness experienced the same type of
increased 1lift after the initisl reduction as was noted on the smooth
wing in tests at a Reynolds number of 1,500,000. The 1ift character-
istics of the root sectlions were unaffected by the leading-edge rough-
ness. These changes in the 1ift characteristics of the outboard wing
sections caused z slight reduction in wing 1ift-curve slope (fig. 10),
a forward shift in aerodynamic center at zero 1ift, and e Jog in the
pitching-moment curve below maximm 1ift similar to that noted for the
smooth wing et a Reynolds number of 1,500,000. The maximum 11ft coef-
ficient for the wing wes not changed by roughness, but the angle of.
attack at which maximum 1ift was attalned was considersbly increased.

Root section 1lift characteristics.- It 1s of interest to note that

factors such as leading-edge roughness or variatlion in Reynolds mumber,
which had & considersable effect on the 1lift charscteristics of the tip
gections, had no effect on the lift characteristics of the root sections
in the angle-of-attack range of the tests. The stall resistance of the
root sections of sweptback wings has been encountered previously (refer- :
ence 5) when unsuccessful attempts were made to hasten stalling at the
root to improve the piliching-moment characteristics st maximm 11ft.
This resistance to stalling is due In part to the sbsence of high pres-
gure peeks over the nose of those sections (fig. 6) and to the spanwise
flow which draws low-energy alr from the boundary layer of +the rearward
portions of those sectlons.

The lack of high peak pressures over the nose of the root sections
is associated with the curvature of constant pressure lines across the
center section as has been shown in previous pressure-distribution
investigations on sweptback wings (references 6 and 7).

Drag Characteristics

The drag coefficlents determined from pressure-distribution data
do not include drag forces due to shearing stresses in the boundary
layer of the wing. Any camparison between the force test drag and
pressure drag must, therefore, be made with that in mind.

The sectlon drag curves (fig. 11) indicate that the tralling-edge
gseparation over the tip sections at low 1ift coefficients (about 0.3)
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did not cause any spprecildghle drag increase. The drag of these sectlons
did not start increasing very repidly until after a wing 1ift coeffi-~
clent of about 0.6 had been reached. At the root, however, where
practically no separation occurred, the drag incresses falrly rapidly
from a wing 1ift coefficient of gbout 0.2. The chordwise pressure
diagrams (fig. 6) show that the tip sections have the peak pressure
far forward in that 1ift range so that the suction pressures over ‘the
nose of those sectlons tend to counteract the drag due to separation.
The root sections, however, have much smeller peak pressures which are
farther back from the leading edge than they are at the tlp. The for-
ward chordwise force is therefore very small at that statlon, and the
drag component of the normal force is the mailn contributing factor in
the section drag. .

The fences caused an increase of sbout 75 percent in the drag at
zero 1ift. (See fig. 10.) This increment could probably be reduced,
however, by fastening the fences to the wing with flush clips instead
of on the surface of the wing. The drag in the lift-coefficilent range
between 0.8 and 1.0 was reduced considersbly because of the delay of
separation on the outer panel.

Leading-edge roughness cauged about as much increase in drag at
zero 1ift (fig. 10) as the fences caused. In the lift-coefficlent
range above 0.6, the drag was increased considerably because separation
over the outer panel was hastened by the roughness.

Loading Cheracteristics

The spanwise loadlng curves (fig. 12) and the spanwlse center-of-
pressure curves (fig. 13) show the effects of the loss of 1lift at the
tips. The loadings at the higher angles of attack dropped off over the
outer portions of the wing and were still increasing over the inboard
portions at the highest angles of attack of the tests (31°). The drag
loading curves show that the drag loeding coefficlent is grestest st
the root at all angles of attack in spite of the separation on the outer
panels and absence of separation over the root. The spenwise center of
pressure (fig. 13) wes ebout constant at 0.458b/2 over the low angle-
of-attack range from O° to ebout 5° and then started moving inboard as
the angle of attack was increased further. i

The chordwise center of pressure (fig. 13) was at sbout 0.3kc!
at 0° angle of attack and moved forward slightly between 0° and 5°.
Above 5° the center of pressure moved forward more rspildly as the
angle of attack was increased, until at 21° it was at the leading edge
of the mean serodynamic chord. Af 31° it had moved back to sbout 0.0kc'.
The chordwilse center of pressure 1s influenced more by the span-load
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distribution on the swept-wing panels than by the local centers of
pressure, a8 will be noted when a comparison of figures 13 and 1k is
made. As the angle of atbtack is increased, the local centers of pres-
sure all across the span move rearward (fig. 14) while the wing center
of pressure (fig. 13) moves forward with increasing angle of attack.

The bending-moment coefficients (fig. 15) increase with angle of
attack in a manner similar to that of the 1ift. The bending moment,
however, tends to level off at a lower angle of attack than the 1ift
because as the 1ift levels off the center of pressure moves inboard.

The twisting-moment coefficients (fig. 15) about the root of the
swept quarter-chord line were practically zero up to about 120 angle
of attack. This moment is a function of the section piltching moments
vhich cause & nose-up twisting moment near the tips (fig. 11) and zero
at the root because of the counteracting nose-down pitching moments of
the root sectlons. Above 12° the slopes of the section pitching-moment
curves are all in the same direction and thus produce nose-down twisting
moments.

The twisting moments about a lateral axls through the quarter chord
of the root (£ig. 15) have much larger negative values because of the
rearward location of the center of pressure of the wing 1i1ft with respect
to the moment axis. The slopé of the twilsting-moment curve decreases
as angle of sttack 1s increased because of a decreasing lift-curve slope
end a forward movement of the center of pressure.

~

SUMMARY OF RESULTS

The results of a low-speed investigation involving force and
pressure-distribution measurements on a 45° sweptback wing of aspect
ratio 8 may be summarized as follows.

Chordwise pressure dlagrams and section-1ift curves showed thet
the initial separation occurred at low angles of attack along the
tralling edge of the outboard sections of the wing. The msin results
of the separation were a decrease in slope of the outbosrd section-1ift
curves and an unstable change in slope of the wing pitching-momernt
curve. Increasing the Reynolds number fram 1,500,000 to 4,000,000
delayed complete separation of the outboard sections to a slightly
higher angle of attack, but unstable changes in pitching moment were
still evident at fairly low angles of attack because of tralling-edge
separation. At a Reynolds number of 4,000,000, fences delayed the
separation so that the outboard section-lift curves were nearly linear
to considerably higher angles of attack, and the wing pitching-moment
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curve was linear almost to maximm lift. The Initial stell, however,
8t111l occurred on the outboard portions of the wing causing unstable
pitching-moment variefions at meximum 1ift. Adding leading-edge rough-
ness to the wing at a Reynolds number of 4,000,000 caused the section
1ift and wing plitching-moment curves in the upper 1lif% range to be
gimiler to those at the low Reynolds number but also caused a reduced
lift-curve slope for the outboard sectlions and an unstable change in
slope of the wing pitching-moment curve through zero lift.

The section piltching-moment characterlstics of the wing had very
1ittle influence on the wing pitching-moment characteristics. The
section pltching moments hed steble veristions at the stall, while the
wing pltching moments had unstsble wvarisatlions.

The maeximumm 11ft coefficlent of the wing was about 1.0l end wes
not affected by changes in Reynolds mumber or by leading-edge roughness.
Reducing the Reynolds number or adding leading-edge roughness, however,
increased the angle of attack at which meximum 1ift was attalned. The
fences increased maximum 1ift coefficient to 1.07.

Varying the Reynolds mumber, adding leading-edge roughness, or
installing fences had practically no effect on the root section-lift
curves which were almost linear to the highest angle of attack of the
teste (31°).

Lengley Aeronsuticel Laboratory
National Advisory Committee for Aeronautics
Langley Fleld, Va.
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TAFLE L.~ VALUZ3 OF EXPERINTHTAL PRESSURE COEPPICIENT
[mcarreebed for basic loading due to spanwise variation of tunnel atream angle: R = h.OO0,000]

orifice location Preau_ure coerficiant.-., s .
3 5 23 -0 [3Z=0.042% = 0.20)3X = 0.30] 5T = 0.55|2% = 0.75/5¥ = 0.994 X = 0.94
a = -0.4° - 4
0 0 ] 0.48 0. 0.64 a. 0.59 Q0.5 0.6L
.001 0023 g —m——— 2% .GE glé .2? 2? .29
.0025 .00 . -— 67 g& E\ 63 6% . g
‘0a2e Tt %12; “lag ?é 1.01 97 ES 8 50
, :0258 ] 77 9 1. 1.10 1:02 99 99 1.00
.ogo .0290 .90 1.04 1,12 1.23 1.1 1.10 1. 1.12
.085 L0371 gg 1.02 1.1 1.21 1.20 1.15 1. 1.17
.15 .0 2 1. 1.1 1. 1.26 1.23 1.21 1.20 1.23
. g .nzz 1.18 1.22 1.23 1.29 1.2 1.25% 1.25 1.22
E .0600 1.25 1.238 1.7 1.22 1.28 1.2 1.2; 1.2
A5 0579 1.25 1.238 1.26 1.2 1.25 1.2 1.2 1.21
.55 .gﬁls 1.22 ——— l.22 1.21 —-—-2 1.1 1.11 1.13
5 L0h19 1.2 1.168 1.15 1.3;3 1.13% 1.11 1.1 1.0
Eg .03%03 1.16 -—— 1.-:3 1. 1.07 1.05 1.0, 1.02
.018% 1.09 ——— 1.0 1.0% 1.02 .99 .99 .9
95 -0063 1.0% 892 .9 97 .95 93 .92 9
012 -.0 6l . . . 1.06 1.08 1.06 1.06
025 -.oyég --?: R 1.0 92 » ——— -——— ———- ——-
0375 -.025k .85 —— 1.22 1.22 1.20 1.21
.050 -.0290 “——c 1.11 _—— ——— —— -———
A I o By -
15 -:ozzz 1.08 1.16 1. 1.31 1.29 1.2
32 T0de | 15 12 13 15 | bd | IE
Z -.0579 1,28 1.268 1:38 1.28 1.2 1.2
.55 -.0515 1.27 —_— 1.22 1.21 1.20 1.1
5 -.0h19 1.§3 1.18a %(1)3 i' L 1.& %.gg
-.0 1. ——— . 1. .
[ 'é - 0?33 1.11 ——— 1.02 1.00 | .9 .9
L - .0063% 1.07 -85% N _ .93 .9 90
i e
"] o : 0.01 - oL 0.63 0.62 0.61 0.27 0.69
0oL °°E 16 . Eg . T ? &7 65
s | e - S B A O
| 0173 o5 69 1g§ 1.18 193 1.01 1.06 1.&
025 _o,og .83 1.1 1.24 1.19 1.13 1.13 1.
088 059 | 1i0h Y | vse | i lim | vE | i3
115 " 13 1.12 1.2 13;2 1.31 i.2 13%15 1.2
52 Bd0 | 13% 3|6 i3 3 | 15 | 1R
e 10579 1123 . 1. 128 13 1.2 1.5 112;
.55 L0515 1.28 1,2 1.22 —— 1.20 1,20 1.)
5 019 1.25 1.17 1.1 1.1 1.‘3).3 1.1 1.09
5 .0303 1.19 1.10 1'8& 1.0 1. 1. 1.02
.85 0183 1.11 1.1!2 1. 1.02 1.00 1.00 97
-95 0063 1.0 -9 97 .95 -93 93 31
8%%2 :.g%ﬁ .60 .85 .83 .91 .92 91 .93
g;'gs —-gggo N ———— 1.01 1.10 1.09 1.08 1.10
1 .09 -0 —— —a—— _———— ——— -——— —— -———
10 g --gigg 93 1.10 1.10 1.18 1.16 1.15 1.17
.15 = .0 zg 1.0k 1.18 1.19 1.26 1.2% 1.22 I:;
.25 -.0 1.15 1.23% —— 1.30 1. 1.26 1.2
.35 -.0600 1.21 1.?g 1 1.28 1.30 1.2 1.26 1.25
L5 -.0579 .24 1,2 1.27 1.26 1.2 l.22 1.2
Z? -.0515 1.2l 1.21 1.73 1.21 1.}2 1.19 1.1%
. -o41§ 1.720 1.1 —— 1. 1. 1.20 1.0
g; -.0%503 1.15 1.0 1.11 1.0 1,0 1.9 1.0
. --.0183 1.14 1.03% 1.0 1.011‘ .G .9 .
95 -.006% 1.02 .56 -9 =9t -9 .92 [*]

%Mese pressures measured with statlc—presaure aurvey tube about 0.0035¢ from wing surface.

NACA,
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TARLE I.- VALUES OF EXFERIMENTAL PRESSURE COEFFICIENT - Contirued

[mcorreobed for basic loading due to spanwise varisztion of turnel stream angle; R

4,000, 000}

Pressure coefficlient, 8
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TABLE T.- VALUSS OF EXPERTMENTAL PRESSURE COEFFICIFNT - Continued
Ebmcorrected for besic loading due to spanwise varistion of tunnel stream angle; R = h,OOO,DOd]
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TABLE T.- VALUES OF EXFERTVENTAL PRYSSURF COEPFPICIENT - Contimed

[n:leomcted for baslc loading due to spanwise variation of tunnel stresm angle; R = 1;,000,000]
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RACA RM L51H13

SThege pressurss measured with st.atic—pressu:;e survey tube about 0.0035¢ from wing sorface.
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TABLE I.~ VALUES OF EXPERIMENTAL PRESSURE CONFFICIENT - Continued

Euncorraotld for basic loading due to spanwlse variation of tunnel stream angle; R = l(.,OO0.000]

survey tube about 0.0035¢ from wing surface.
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Ghsse pressurss measured with statio-'pi:c_gyn!u
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TAERLE I.- VALUES OF EXPERINENTAL PRESSURE COEFFICIENT - Oontinued

[Uhcorrectad for basle loading due to spanwise varlation of tunnel atream angle; R = !;,000,000]

Pregsure coefficient, S
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%7hese vressures measursd with astatlic—pressurs survey tube about 0.0035¢c from wing aurface.
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TABLE I.- VALUES OF EXPERIMENTAL PRESSURE COEPFICIENT - Coneluded

[Uncorrectad for baslc loading due to apanwise varlation of tunnel stream angle; R = h,OO0,00Cl]

Orifice location Pressure coefficilent, 3
z z 2y - &L = 0.0 2-§=o.102-.51=o.5o%l=0.55?§=0.75?§=0.902-§=o.96
a = 31.0°

o 1. 6.68 3.0% 2.2 2.0 1.68 1. 1.

.001 ? 5 2.% —-- 5.03 2.23 2.02 1.6 1?? 1ﬁ3
.002 .08’29 agz — g.og 2.23% 2.0k 1. 1.5% 1.4,8
.005 1009% 2. R .9 2.21 2.03 1.6l 1.22 146
.0125 ,ofﬂ 2za L.89 2.98 2.19 2.0 1.6l 1.54 1.51
.0250 .ozog 2.18- 3-52 3.00 2.17 2.0.; 1.64 1.54 1.50
.050° .0290 2.30 3.1 2._98 2.17 1.8 ‘1.62 1.54 1.50
.085 l03%1 5130 5.116 2.4 2.15 1.3 1.63 1.53 1.9
.15 N ﬁ 2.1 3.0 2. 2.1% 1.82 1.63 1.52 1.9
SN AR A B R B B
. ? 205-?3 2:13 2.518 2:35 2:12 1.85 1:6; 1.52 H.‘Z
9% 0815 2. I 2-73 2.1 a=rn 1.22 1.51 1.k
.65 J0k1d 2.52 2.268 2.5 2.10 1.81 1. 1.50 l-hz
75 .0%0% 2.;1; ——— 2.3 2,06 1.77 1.61 l.Eg 1.Ji5
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Figure 1.- Geometric characteristics of model. Aspect ratio 8.02;
taper ratio 0.45; airfoil section 631A012; wing area 14.021 sq ft.
(Dimensions in inches except as noted. )



Figure 2.~ Model in tunnel for force tesis,
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Figure 3.- Model in tunnel for pressure-distribution tests.

(Rear view.)
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